Under the instruction of cell-fate-determining, DNA-binding transcription factors, chromatin-modifying enzymes mediate and maintain cell states throughout development in multicellular organisms. Currently, small molecules modulating the activity of several classes of chromatin-modifying enzymes are available, including clinically approved histone deacetylase (HDAC) and DNA methyltransferase (DNMT) inhibitors. We describe the genome-wide expression changes induced by 29 compounds targeting HDACs, DNMTs, histone lysine methyltransferases (HKMTs), and protein arginine methyltransferases (PRMTs) in pancreatic α-and β-cell lines. HDAC inhibitors regulate several hundred transcripts irrespective of the cell type, with distinct clusters of dissimilar activity for hydroxamic acids and orthoamino anilides. In contrast, compounds targeting histone methyltransferases modulate the expression of restricted gene sets in distinct cell types. For example, we find that G9a/GLP methyltransferase inhibitors selectively up-regulate the cholesterol biosynthetic pathway in pancreatic but not liver cells. These data suggest that, despite their conservation across the entire genome and in different cell types, chromatin pathways can be targeted to modulate the expression of selected transcripts.
histone modification | gene regulation | chemical epigenetics | beta cell biology | cholesterol pathway E pigenetic mechanisms mediated through chromatin control cell-state and cell-type decisions during development and in the adult (1, 2) . Chromatin-modifying enzymes have been shown to function by interacting with master transcription factors, regulating the expression of key target genes and conferring epigenetic memory through the propagation of modifications to the chromatin template. These modifications include methylation of the DNA itself and a variety of posttranslational modifications to histones, the proteins most closely interacting with DNA. Depending on the type of modification, e.g., acetylation or methylation, and the exact position of the modified amino acid, these modifications can activate or repress transcription of the underlying DNA sequence (3) .
Small molecules targeting chromatin have mainly been developed for the treatment of cancer, justified by the identification of genetic aberrations leading to overexpression or activation of several chromatin-modifying enzymes (4) (5) (6) (7) . In contrast to clinically approved HDAC and DNMT inhibitors, fewer compounds targeting histone lysine methyltransferases (HKMTs) and protein arginine methyltransferases (PRMTs) are available. These small molecules are mainly used as chemical probe compounds in basic research, and toxicity is often limiting for testing in animal models. Interestingly, for most of the 50 HKMTs and 30 histone demethylases encoded in the human genome, no specific compounds are available. Even for HDACs, most compounds inhibit HDACs 1, 2, 3, and 6 (8), and HDAC8-specific compounds are only now emerging (9) .
Chromatin-modifying enzymes play important roles in normal development, supported by the early embryonic lethality of animal knockout models for many of these proteins. We hypothesize that modulating chromatin pathways can also affect cell types and cell states in the adult. Recent studies have shown that overexpression of master regulatory transcription factors can cause the reprogramming of differentiated cell types to induced pluripotent stem cells and the transdifferentation to other lineages (10) . In the pancreas, it has been shown that overexpression of the transcription factor Pax4 converts glucagon-expressing α cells into insulin-producing β cells (11) . Modulating the expression levels of the endogenous factors with small molecules therefore has the potential to induce similar changes without the need to deliver transgenic sequences of potentially oncogenic proteins under the control of powerful promoters. During pancreatic development, it has been shown that treatment with HDAC inhibitors changes the ratio of endocrine cell types dependent on whether a hydroxamic acid or orthoamino anilide compound is used (12) . The close developmental origin and epigenetic plasticity between α and β cells make these cell types an interesting model system for studying the effects of chromatin-targeted compounds.
To identify a broader set of target genes that can be regulated by modulating the activities of chromatin-modifying enzymes, we measured the genome-wide transcriptional effects of 29 compounds in pancreatic α-and β-cell lines. The results indicate that compounds cause similar effects independent of the cell line in which they were profiled. All clinical HDAC inhibitors fell into the structural classes of hydroxamic acids and orthoamino anilides, respectively, and up-and down-regulated hundreds of transcripts. In contrast, more selective compounds like the HKMT inhibitor BIX-01294 have specific effects. We show that treatment with BIX-01294 leads to the selective up-regulation of the entire cholesterol biosynthetic pathway, correlating with increased cholesterol levels and reduced hormone secretion in these pancreatic cell lines.
Results
We selected 29 compounds targeting different classes of chromatin-modifying enzymes, including 22 HDAC inhibitors, three DNMT inhibitors, one PRMT inhibitor, and three HKMT inhibitors (SI Appendix, Fig. S1 ). On the basis of the large amount Database deposition: The data reported in this paper have been deposited in the Gene Expression Omnibus (GEO) database, www.ncbi.nlm.nih.gov/geo (accession no. GSE36379). of previous work on HDACs, our compound set is enriched for small molecules targeting this enzyme class. In addition to the approved drug SAHA, we included other hydroxamic acid HDAC inhibitors: ITF-2357, PXD101, CRA-024781, and LBH-589, all currently in clinical development (13) ; the widely used tool compounds trichostatin A (TSA), scriptaid, and pyroxamide; and active SAHA analogs BRD-K17311666, BRD-K22912318, BRD-K90919562, and BRD-K92415738. Benzamides, containing an orthoamino anilide biasing element and thereby forming a chemically distinct class of HDAC inhibitors were represented by CI-994, MS-275, and MCGD-0103, which are all currently in clinical development, and by the research tool compounds BRD5298, BRD6929 (compound 60) (14) , BRD9773, and BRD8451. Furthermore, cyclic peptide HDAC inhibitors apicidin and HC toxin and the ketone BRD-A94377914 (15) were included.
To target other classes of chromatin-modifying enzymes, compounds were chosen that have mostly been previously described: as HKMT inhibitors, we used chaetocin (16), a nonspecific compound originally described as selective for SU(VAR)3-9 and later shown to inhibit G9a (17) and thioredoxin reductase (18) ; BIX-01294 (19, 20) , a G9a/GLP-specific compound, and its active analog BRD-K62233722. DNMT inhibitors were 5-azadeoxycytidine (decitabine) (21), zebularine (22) , and RG-0108 (23) . AMI-1 (24) was used as a PRMT inhibitor.
For expression profiling, we wanted to select a concentration that allows detecting compound effects while avoiding nonspecific cytotoxicity signatures. Therefore, we first measured the dose-dependent effects of compounds on cellular ATP levels after 24-h treatment. We then selected a concentration of each compound corresponding to 80% preservation of ATP levels in the more sensitive cell line. For compounds that did not display toxicity, we chose a maximum concentration of 10 μM (SI Appendix, Table S1 ). We then measured gene expression changes in mouse α-and β-cell lines αTC1 and βTC3 induced by treatment with these compounds for 1, 6, and 24 h (Fig. 1A) .
Expression Changes Are Compound-Specific and Similar Across Different Cell Types. We first analyzed the dataset for differences between DMSO-treated α and β cells used as controls and identified 15,734 out of 22,716 probe sets to have altered expression levels (SI Appendix, Fig. S2 ). These data indicate that the α-and β-cell lines used are significantly different in baseline gene-expression patterns, despite being of closely related developmental origins and derived with an identical strategy of SV40 large T antigen overexpression (25, 26) . Compared with expression profiles of mouse cell lines derived from other tissues (27, 28) , α cells are approximately two-to threefold more similar to β cells than to bone marrow dendritic cells or embryonic stem cells (SI Appendix, Fig. S2B ). Importantly, many of the known α-and β-cell-specific genes, including key transcription factors and hormones, are differentially expressed between the two cell types (Fig. 1B) . In addition to these well-studied transcription factors, other DNA-binding proteins are differentially regulated between the two cell types and may prove essential for approaches aimed at transdifferentiating α to β cells (SI Appendix, Tables S2 and S3) .
To reduce the number of probe sets in the subsequent analyses, we performed ANOVA and LIMMA (29, 30) and removed probe sets that were not changed under any of the treatment conditions. We first analyzed the raw expression data and observed clustering exclusively with cell type and not with compound treatment or time point (SI Appendix, Fig. S3A ). These data indicate that after 1, 6, or 24 h of compound treatment, α-cell expression patterns still largely resemble those of DMSO-treated α cells and treated β cells are closest to β-cell controls. We then normalized all raw data to DMSO controls matched for cell type, treatment batch, and time point. For every compound treatment we calculated the fold change over a sample, or mean of two samples, treated with DMSO at the same time and processed identically. We then log 2 transformed these fold changes and averaged the three biological replicates. Interestingly, these data no longer exclusively cluster with cell type (SI Appendix, Fig. S3 B and C). Rather, certain compounds induce similar changes in both α-and β-cell lines. For example, transcriptional changes induced by the HDAC inhibitor SAHA are highly correlated between α and β cells (SI Appendix, Fig. S4A ). Importantly, this observation not only holds true between mouse α and β cells, but also with expression profiles collected in the Connectivity Map (31) for human cell lines. When we used the genes most significantly changed by HDAC inhibitors in α and β cells as input, the connectivity map predicted SAHA as the compound most likely to cause such a transcriptional change in human cancer cells. That transcriptional targets of compound treatment are conserved in different species and cell types is further supported by the correlation between the expression changes caused by SAHA in α cells, β cells, and human MCF7 cells (SI Appendix, Fig. S4 ).
Similar Numbers of Transcripts Are Up-and Down-Regulated. We next analyzed the different compounds for their global patterns of transcriptional effects. To identify probe sets that were significantly changed upon compound treatment, we first used a modified Student t test to determine significant differences in raw signal for each probe set between the three replicates of compound-treated states and all matched DMSO controls for that time point and cell line. For significantly altered probe sets, we further considered those with a more than twofold change in the DMSO-normalized signal. In general, we observed very few expression changes at the 1-h time point (SI Appendix, Fig. S5 ). At the 6-h time point, 17 compounds already induce hundreds of transcripts. Interestingly, for most compounds the number of up-regulated transcripts approximately equals the number of repressed genes. HDACs are predominantly associated with repressive functions; therefore, we expected direct targets to be up-regulated after inhibitor treatment. Rather, we observe that hydroxamic acid HDAC inhibitors up-regulate on average 550 probe sets 6 h after compound addition and down-regulate approximately equal numbers of genes. Although we cannot be certain that the down-regulated transcripts we observe are direct targets of HDAC-mediated activation, the appearance of geneexpression changes within 6 h after HDAC inhibitor treatment, and the low number of changes at 1 h after treatment, are consistent with locus-specific repressive roles of histone acetylation. These results correlate with previous findings, including activating roles for HDACs in yeast (32) and mammalian cells (33) , and extend these data by excluding compensatory effects following genetic manipulations and prolonged compound treatment.
For the number of transcripts affected, we observe clear differences dependent on the targeted enzyme class and chemical structure of the inhibitors (Fig. 1C) . HDAC inhibitors of the hydroxamic acid and cyclic peptide classes regulate ∼1,100 probe sets, representing more than 600 transcripts, after 6 h. In contrast, the orthoamino anilide-containing HDAC inhibitors regulate only 100 transcripts at the 6-h time point, of which most are upregulated. At 24 h, orthoamino anilides regulate as many transcripts as hydroxamic acids but still cause more up-than downregulation. In contrast, some hydroxamic acid-based HDAC inhibitors lose effects over time and regulate significantly fewer transcripts at 24 h than at 6 h.
Whereas HDAC inhibitors regulate several hundred transcripts, DNMT inhibitors, HKMT inhibitors, and the PRMT inhibitor regulate many fewer transcripts. Only the toxic compound chaetocin, which in addition to HKMTs also inhibits thioredoxin reductase, has widespread effects. Compounds targeting DNA methyltransferases only show strong transcriptional effects at the 24-h time point, when they induce the DNAdamage response and proapoptotic genes. The PRMT inhibitor AMI-1 does not cause a greater than twofold expression change of any transcript.
Chromatin-Targeted Compounds Regulate Transcripts Essential for
Pancreatic Cell Function and Identity. To detect expression changes essential for β-cell function, we examined compound effects at the latest time point (24 h). We first selected all genes involved in glucose-stimulated insulin secretion and clustered compounds by the effects they have on that gene set in β cells (SI Appendix, Fig.  S6 ). HDAC inhibitors cause the most pronounced effects and we observe up-regulation of potassium voltage-gated channel Kcnb1, syntaxin 1a (Stx1a), and synaptosomal-associated protein 25 (Snap25) and repression of the ATP-sensitive potassium channel Kir6.2 encoded by gene Kcnj11 and the voltage-dependent calcium channel Cacna1a. These data suggest a complex effect of HDAC inhibitors on insulin secretion, with some essential components of the pathway up-and others down-regulated.
We then determined the effects of chromatin-targeted compounds on the expression of the 190 differentially regulated transcription factors in α cells at 24 h (SI Appendix, Fig. S7A ). We were particularly interested in whether any of the compounds caused effects indicative of cell-type conversion by activation of β-cell transcription factors and repression of α-cell-specific markers. Compared with all other compounds, the HKMT inhibitor chaetocin has a very distinct profile of activities. Importantly, it represses α-cell marker genes Arx and Brn4, and activates β-cell-specific master regulatory transcription factors Pax4 and Nkx6.1 (SI Appendix, Fig. S7B ). Similarly to chaetocin, most HDAC inhibitors positively regulate the expression of β-cell factors and repress many α-cell factors. Functionally, this results in the up-regulation of insulin and other β-cell-specific markers (SI Appendix, Fig. S8 ) in α cells, whereas few pancreas-specific markers are up-regulated when β cells are treated with these compounds (SI Appendix, Fig. S9 ).
Two Classes of HDAC Inhibitors. Both chaetocin and HDAC inhibitors have widespread effects beyond pancreatic marker genes. The unbiased clustering of expression data from all samples ( Fig. 2A) revealed two major transcriptional responses corresponding to chemically distinct classes of HDAC inhibitors consisting of hydroxamic acids and orthoamino anilides. Interestingly, the cyclic peptides apicidin and HC toxin and the ketone BRD-A94377914 cluster tightly with hydroxamic acids. We identified the marker genes regulated by HDAC inhibitors in general and for the specific classes, and used gene set enrichment analysis (GSEA) (34, 35) to find the apoptotic pathway as most discriminating between the HDAC inhibitor classes (SI Appendix, Fig. S10) . Particularly, at the 6-h time point orthoamino anilides but not hydroxamic acids, down-regulate proapoptotic genes Bad, Bip, Casp9, Ikbkb, and Nfkbib, and increase the expression of antiapoptotic genes like Phlda1.
Importantly, the effects of the two classes of HDAC inhibitors on pancreatic master regulatory transcription factors and marker genes are very different (Fig. 2B ): Hydroxamic acids cause the down-regulation of β-cell markers (Pax4, Pdx1, Isl1, Insm1, NeuroD1, Nkx6.1, and Nkx2.2) and α-cell marker (Arx). β-Cell markers are mostly unaffected by orthoamino anilides, which rather cause a slight up-regulation of α-cell markers (MafB and Arx), resulting in significantly increased glucagon expression in β cells at 24 h (SI Appendix, Fig. S10 ).
Interestingly, BRD-K04466929 and unique orthoamino anilides BRD-K28115298, BRD-K37439773, and BRD-K68338451 do not cluster with the clinical compounds CI-994, MS-275, and MCGD-0103. Whereas the clinical compounds inhibit HDAC1, -2, and -3 at approximately equal concentrations in the 10-100 nM range (8), these compounds are selective for only HDAC1 and -2 and only inhibit HDAC3 at 100-fold higher concentrations. At both the 6-h and 24-h time points, these compounds regulate fewer transcripts than the clinical orthoamino anilides, suggesting that their higher biochemical selectivity is also reflected in more specific gene-expression responses.
Specific HKMT Inhibitor BIX-01294 Causes Selective Up-Regulation of the Cholesterol Biosynthesis Pathway. Whereas the nonspecific and toxic HKMT inhibitor chaetocin regulates similar numbers of genes compared with HDAC inhibitors, the more specific G9a/ GLP HKMT inhibitors BIX-01294 and BRD-K62233722 regulate very few transcripts. When we performed GSEA for these probe sets, we observed specific and highly significant up-regulation of the cholesterol biosynthetic pathway (SI Appendix, Fig.  S11 ). At both 6 h and 24 h, most genes in the pathway were upregulated more than twofold in α cells by BIX-01294 (Fig. 3A  and SI Appendix, Fig. S12 ). Importantly, this set of genes includes HMG-CoA synthase and HMG-CoA reductase, the rate-limiting enzyme in the pathway (Fig. 3B) . To test whether the up-regulation of the pathway is G9a/GLP dependent, we applied chromatin immunoprecipitation (ChIP). G9a/GLP is known to catalyze the formation of H3K9me2 at its target genes, and we detect high levels of this modification at the promoters of Hmgcs1 and Hmgcr in DMSO-treated α cells. BIX-01294 treatment reduces the abundance of H3K9me2 at these promoters and the promoter of known G9a target gene mageA2 (Fig. 3B) . At the Hmgcr promoter, reduction of H3K9me2 correlates with the accumulation of H3K4me3, a modification strongly associated with transcriptional activation. To probe the functional consequence of transcriptional up-regulation of the cholesterol pathway, we measured cellular cholesterol levels in α cells after 48 h of BIX-01294 treatment (Fig. 3C) and we observed strong increases in the staining intensity of filipin, a dye that binds nonesterified cholesterol (36) .
Similar to α cells, β cells respond to BIX-01294 treatment by up-regulation of the entire cholesterol biosynthesis pathway (SI Appendix, Fig. S13A ). This up-regulation is also observed in PANC-1 cells of pancreatic ductal origin, where expression of several pathway genes, including Hmgcs1, is increased, although to a lesser degree than in endocrine cells. Interestingly, HepG2 cells of hepatic origin do not activate the cholesterol biosynthesis pathway in response to BIX-01294 treatment (SI Appendix, Fig.  S14 ). Liver cells might not respond to BIX-01294 treatment with increased expression of cholesterol pathway genes because these are already four-to eightfold more highly expressed in HepG2 cells compared with pancreatic endocrine cells, consistent with the liver being a prime tissue of cholesterol biosynthesis.
H3K9me2 levels are also reduced at the β-cell promoters of Hmgcs1 and Hmgr following BIX-01294 treatment, suggesting direct G9a/GLP-dependent regulation (SI Appendix, Fig. S13B ). To further confirm that these effects are mediated by direct inhibition of G9a/GLP, we used small molecules with different inhibition profiles to BIX-01294. BRD-K62233722, an active analog of BIX-01294 that inhibits G9a with an IC 50 of ∼10 μM, causes similar but weaker up-regulation of the cholesterol pathway. Furthermore UNC0638 (37), a BIX-01294 analog with increased potency and reduced toxicity, causes even stronger up-regulation of cholesterol pathway genes than BIX-01294 and almost complete loss of H3K9me2 at the promoters of these genes (SI Appendix, Fig. S15) .
Functionally, elevated cholesterol levels have been linked to decreased β-cell viability and insulin secretion (38, 39) . Therefore, we tested insulin secretion in βTC3 cells treated with different concentrations of BIX-01294 (SI Appendix, Fig. S13C ). Consistent with a detrimental effect of high cellular cholesterol levels on insulin secretion, we observe that BIX-01294 reduces insulin secretion in a dose-dependent manner at concentrations that do not impact β-cell morphology (SI Appendix, Fig. S13D ). Increased cholesterol levels likely mediate this reduction of insulin secretion, because BIX-01294 treatment does not significantly alter the expression of genes involved in the insulin secretion pathway (SI Appendix, Fig. S6 ).
Discussion
Chromatin-modifying enzymes target DNA itself (DNA methylation) or histones, the proteins most tightly associated with DNA in the form of nucleosomes, and have therefore been associated with transcriptional regulation. The activities of these enzymes can be modulated with chromatin-targeted compounds. In contrast to genetic methods, small-molecule inhibitors allow studying time-and dose-dependent effects of altered modification levels in the presence of unchanged protein complexes. Consistent with the tight link between chromatin modifications and transcriptional control, we observe strong and rapid effects on gene expression in response to treatment with small molecules that target HDACs and methyltransferases.
Expression studies of compounds inhibiting chromatin-modifying enzymes have focused on HDAC inhibitors in cancer cells (33, (40) (41) (42) (43) , including the approved drugs vorinostat and romidepsin. Whereas compounds showing selectivity for single proteins out of the 11 human class I and class II HDAC homologs have remained elusive, the currently available compounds show wide chemical variability. Biochemical profiling has revealed inhibition of HDAC1, -2, -3, -6, and -8 by most hydroxamic acid HDAC inhibitors, whereas the activity of orthoamino anilides is more restricted to HDACs 1, 2, and 3 (8) . Consistently, we observe clustering of the gene-expression responses to these compounds that correlate with their chemical structure classes and biochemical specificities. Different gene-expression changes have previously been described for the comparison of two hydroxamic acids (SAHA and TSA) with an orthoamino anilide (MS-275) in two cell lines (41) . Our data extend that observation to 15 more compounds and show that cyclic peptides HC toxin and apicidin, which are related to the approved drug FK228, cluster tightly with hydroxamic acid inhibitors. In contrast, the clinical orthoamino anilides CI-994, MS-275, and MGCD-0103 form a distinct cluster. Therefore, we observe only two main clusters of transcriptional response to these well-studied HDAC inhibitors. For pancreatic genes, these two classes have been known to cause different effects during development (12) . We observe that hydroxamic acids repress most endocrine master regulatory transcription factors in mature α and β cells, inconsistent with increased formation of endocrine cells in hydroxamic-acid-treated ex vivo pancreata. However, we cannot rule out proproliferative effects on an endocrine progenitor or incomplete differentiation in organ culture. In contrast, our gene expression data excellently fit the increased formation of α and PP cells in orthoamino-anilidetreated pancreata. The increased transcription of Arx, Brn4, and glucagon already starting at 6 h suggests that these genes might be direct targets of orthoamino anilide HDAC inhibitors.
All HDAC inhibitors regulate hundreds of transcripts; in contrast, HKMT inhibitors cause much more restricted transcriptional responses. The G9a/GLP inhibitor BIX-01294, which selectively increases expression of genes involved in the cholesterol biosynthetic pathway, best exemplifies this trend. Interestingly, G9a has been shown to bind directly the orphan nuclear receptor small heterodimer partner (SHP), a regulator of the bile acid synthesis pathway that uses cholesterol as a substrate (44, 45) . G9a catalyzes the formation of H3K9me2, a chromatin modification associated with repression of transcription; therefore upregulation of target genes following the inhibition of G9a is consistent with a direct mechanism. A direct role of G9a in repressing the cholesterol biosynthetic pathway is further supported by the loss of H3K9me2 at the promoters of these genes following BIX-01294 treatment and the even stronger effects of UNC0638, a G9a/GLP inhibitor with higher specificity. Currently, no studies are available describing the role of G9a in pancreatic cell lines. We hypothesize that in pancreatic cells, other G9a target genes are repressed by additional epigenetic mechanisms, e.g., DNA methylation and additional histone modifications, so that a G9a inhibitor alone cannot activate their transcription.
Nucleosomal packaging is a general mechanism used genomewide in all cell types, but chromatin-modifying enzymes are often bound to cell-type-specific transcription factors or components of the RNA polymerase machinery. Therefore, compound-induced changes could in theory be dependent on the transcriptional program already in place in a particular cell type and vary widely among different cell types, affecting thousands of genes or only small subsets of the transcriptome. Our data suggest a model that discriminates two classes of chromatin-targeted compounds (SI Appendix, Fig. S16 ). Nonspecific compounds that target multiple members of an enzyme class like hydroxamic acid HDAC inhibitors or chaetocin cause expression changes of thousands of genes, presumably by genome-wide disruption of chromatin structure and global changes of modification levels at multiple sites. For these inhibitors, we observe good correlation of compound-induced changes between α and β cells, but even an unrelated human breast cancer cell line responds similarly. In contrast, BIX-01294 inhibits only G9a/GLP, two HKMTs with the same activity for generating H3K9me2. G9a/GLP inhibitors also cause global histone modification changes, but only affect a single site, H3K9me2, whereas HDAC inhibitor treatment increases acetylation at almost all modifies lysines. Genome-wide reduction in H3K9me2 by G9a/GLP inhibition results in the modulation of only a small set of genes, almost all in the cholesterol biosynthesis pathway. This regulation is conserved between α, β, and ductal cells, but hepatic cells do not respond with increased cholesterol pathway expression, suggesting a cell-type-specific response. Highly selective compounds like BIX-01294 and nonspecific HDAC inhibitors represent extremes of transcriptional activities ranging from cell-type-dependent regulation of small sets of genes to conserved transcriptome-wide changes. Intermediates are possible, and the unique orthoamino anilides with HDAC1/2 selectivity might be the first examples of such compounds.
In summary, our data show that inhibiting chromatin-modifying enzymes with small molecules does not always cause dramatic changes on a transcriptome-wide scale. Rather, selective compounds can activate very specific pathways, making the development of novel small molecules for additional enzymes a high priority.
Materials and Methods
Cell lines αTC1 and βTC3 were treated with compounds in low-glucose DMEM with a final concentration of 0.1% DMSO for 1, 6, or 24 h. RNA was prepared using Qiagen RNeasy kits and hybridized to Affymetrix HT Mouse 430A peg arrays. Raw data were Robust Multichip Average-normalized using GenePattern (46) and analyzed for significant changes using ANOVA and LIMMA (29, 30) . Detailed methods can be found in SI Appendix, SI Materials and Methods. 
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